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8 FOREWORD 

This Memorandum comprises t h e  t h i r d  p a r t  of a three-par t  
f i n a l  r e p o r t  on NASA cont rac t  number NASw-709. It descr ibes  
one p a r t  of the  experimental work performed under t h a t  con t r ac t ,  
which i s  a successor t o  NASr-104 on t h e  same subject ,  namely, 
t h e  i n t e r a c t i o n  of high energy gas p a r t i c l e s  with s o l i d  sur faces .  

This research w a s  performed under the  t echn ica l  supervis ion 
of t he  NASA Physics of Fluids  Office,  M r .  Alfred P. Gessow, Chief.  
It covers t h e  period from Ju ly  1, 1963 t o  August 9, 1964. 
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Experiments leading to  t h e  design of an apparatus  f o r  t h e  
prepara t ion  and photoe lec t r ic  ana lys i s  of a tomical ly  c lean  
metallic specimens are described. 
two e l e c t r o n  guns, provis ions f o r  measuring very small c u r r e n t s  
(10-16 amps) and means f o r  introducing monochromatic u l t r a v i o l e t  
l i g h t ,  electrical  p o t e n t i a l s ,  and u l t r a  pure gases.  Probable 
e f f e c t s  of sur face  contaminants on molecule-surface i n t e r a c t i o n s  
and p lans  f o r  incorporat ing surface prepara t ion  t e  
a shock tube dr iven  molecular beam apparatus are a 

The system a r r i v e d  a t  conta ins  
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INTRODUCTION 

Defining surface conditions on an atomic scale is an important 
The inter- requirement of most research on interfacial phenomena. 

action of atoms and molecules with surfaces plays a much more 
important role in the upper atmosphere than it does at lower 
altitudes. At heights of about 100 to 400 kilometers the mean 
free paths range from 10 to l o 5  cm 
become much more important than gas-gas collisions, even on large 
configurations. 
tuents, oxygen and nitrogen, exist in both molecular and atomic 
forms. 
velocity vehicle surfaces is dominated by the uppermost layers of 
the surface. 

so gas-surface collisions 

At these altitudes the main atmospheric consti- 

The interaction of molecular and atomic particles with hyper- 

Atoms adsorbed on the surface can significantly modify the 
surface properties and strongly influence the resulting interaction 
through several mechanisms. 
adsorbed layer and the solid is often considerably different than 
that for the surface atoms of the solid. 
dynamic response of the lattice to the impulsive interaction (Refs. 
1 and 2 ) .  In addition, the effective atomic diameter of the inter- 
acting species plays a significant role in determining momentum 
accommodation (Ref. 3 ) .  The work of Sinanoglu and Pitzer (Ref. 4 )  
indicates that when an atom is adsorbed on a surface the inter- 
action (Lennard-Jones) potential is modified by the perturbing 
effect of the surface fields. 
as recombination and dissociation) and the surface topography 
certainly require consideration in the formulation of the boundary 
conditions for hypervelocity free-molecule flow. Early experiments 
attempting to measure thermal accommodation coefficients of various 
surfaces with respect to different atomic and molecular gas species 
appear to differ widely from laboratory to laboratory. More recent 
and better controlled experiments indicate that the condition of 
the surface is a dominant variable capable of influencing the 
results by as much as an order of magnitude. 

The binding energy between the 

This in turn changes the 

In addition chemical phenomena (such 

With this knowledge in mind, we have undertaken to design and 
fabricate an experimental system. 
system will be to prepare and characterize atomically clean surfaces 
(Refs. 5 and 6). 
environment 
bombardment, high temperature heating, and annealing. 

The immediate function of the 

This will be attempted in an ultrahigh vacuum 
(< 10-9 mm H g )  by a combination of electron and/or ion 

The cleaning 
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process w i l l  be monitored by measuring t h e  changes i n  sur face  
photoe lec t r ic  e f f e c t  which i s  very s e n s i t i v e  t o  changes i n  t h e  
sur face  electric d ipole  moment. The treatment procedures thus 
developed w i l l  then be adapted f o r  use  i n  our shock-tube-driven 
molecular beam apparatus,  s o  t h a t  sur face  condi t ion w i l l  be 
cont ro l led  i n  those experiments. This molecular beam i s  of t h e  
impulsive flow type, w i t h  a t e s t  dura t ion  of a t  most a f e w  
mill iseconds.  It therefore  appears f e a s i b l e  t o  c l ean  a sur face  
immediately before  a run, and a neg l ig ib l e  contamination e i t h e r  
from t h e  environment 
impacts/cm2) can be ensured. I n  addi t ion ,  a con t ro l l ed  contamina- 
t i o n  can be achieved by waiting a prescr ibed i n t e r v a l  i n  a control1:d 
environment . 

(- 10-7 mm Hg) or t h e  tes t  i t s e l f  (< 1014 

The s e n s i t i v i t y  of the  photoelectr ic  work funct ion t o  sur face  
contamination i s  r e l a t e d  t o  t h e  exact  conf igura t ion  of t h e  e lectr i -  
cal  charges near  t h e  surface.  
u sua l ly  taken t o  be t h e  m i n i m u m  amount of energy necessary t o  re- 
move an e l ec t ron  which i s  near t h e  sur face  of t h e  metal. A double 
l aye r  of charge e x i s t s  a t  the  sur face  of an i d e a l  m e t a l .  
f i e l d s  assoc ia ted  with t h i s  layer con t r ibu te  t o  t h e  magnitude of 
t he  work function. Differences i n  t h e  work func t ion  among d i f f e r -  
e n t  c r y s t a l  faces  of t h e  same m e t a l  are due t o  d i f f e rences  i n  t h e  
double l aye r  e x i s t i n g  on those faces .  Adsorbed atomic and molecu- 
l a r  spec ies  modify t h e  surface double l aye r ;  even van de r  Waals 
adsorpt ion may produce changes. Experimental da ta  suggest t h a t  t h e  
magnitude of work funct ion i s  determined more by the  adsorbed l aye r  
than by t h e  na tu re  of t h e  subs t ra te .  

The work funct ion of a m e t a l  i s  

The 
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EXPERIMENTS 

To f a c i l i t a t e  t he  design of t h e  f i n a l  apparatus  w e  completed 
t h e  following th ree  experiments. 

Surface Sput te r ing  

We t e s t e d  i n  a general  purpose vacuum system seve ra l  poss ib le  
configurat ions f o r  producing a u s e f u l  argon plasma t o  be employed 
i n  t h e  i on  bombardment cleaning of a specimen sur face .  I n  t h e  
f i n a l  configurat ion argon ions are drawn t o  t h e  c y l i n d r i c a l  speci-  
men by a s u i t a b l y  appl ied e l e c t r i c  f i e l d  and sput ter  impurity 
atoms from t h e  surface.  Figure 1 shows t h e  experimental  se t  up 
used i n  t h i s  phase of t h e  work. 

T h i s  vacuum system h a s  allowed u s  t o  opera te  a t  pressures  i n  
t h e  10.6 mm Hg range, bu t  i t  is incapable of maintaining t h i s  
vacuum when l a r g e  gas loads a re  present  f o r  a long and continuous 
per iod of t i m e .  With the fi lament 0 (see Fig.  4) grounded and 
a t  a temperature of about 1750"C,and t h e  c o l l e c t o r  0 a t  150 v o l t s  
p o s i t i v e  w i t h  respec t  t o  t h e  fi lament,  w e  measured a c o l l e c t o r  
cu r ren t  of about 2 m a .  With the  sample 0 a t  400 v o l t s  negat ive 
with respec t  t o  element 0, which w a s  a l s o  a t  ground potentia1,we 
found no appreciable  cu r ren t  i n  t h e  c i r c u i t  containing elements 
0 and 0. Argon was l e t  i n t o  t h e  system through a v a r i a b l e  leak  
and was cont inua l ly  pumped out. With argon gas flowing through t h e  
system a t  between 1 x 10-4 and 1 x 10-3 mm Hg a p o s i t i v e  ion  cu r ren t  
w a s  measured t o  t h e  po lycrys ta l l ine  copper specimen. This cu r ren t  
could be most e a s i l y  control led by ad jus t ing  t h e  f i lament  tempera- 
t u r e ,  t h e  p o t e n t i a l  of t h e  specimen,or t h e  argon pressure.  It 
could be increased t o  about 200 microamps a t  an argon pressure  of 
about 3 x 10-4 mm Hg and appeared t o  be very s e n s i t i v e  t o  t h e  argon 
pressure .  A t  h igher  cur ren ts ,  t h e  discharge appeared as a f a i n t  
blue-purple glow with t h e  i n t e n s i t y  of t h e  glow and t h e  cu r ren t  
t o  t h e  sample both reaching a maximum a t  an argon pressure  of 
3 x 10-4 mm Hg. 
t h i s  value t h e  discharge became weaker and f i n a l l y  died out .  
e f f e c t  was r eve r s ib l e ,  reproducible,  and i s  not  completely under- 
stood a t  t h e  present  t i m e .  

A s  t h e  argon pressure  was changed above and below 
This 

When running a t  r e l a t i v e l y  high plasma d e n s i t i e s ,  t h e r e  w a s  a 
tendency f o r  a rc ing  t o  occur between elements during t h e  argon ion 
bombardment. T h i s  w a s  traced t o  sharp corners  which were subsequently 
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eliminated. The presence of high vol tage feedthroughs i n  t h e  
v i c i n i t y  of t h e  Bayard-Alpert gauge a l s o  a f f e c t e d  operat ion.  
found t h a t  t h e  feedthrough connected t o  t h e  sample t o  apply a 
p o s i t i v e  500 v o l t  p o t e n t i a l  during ion bombardment drew a cu r ren t  
which appeared t o  o r i g i n a t e  from t h e  Bayard-Alpert. This was 
remedied by rearranging t h e  various system components. 

We 
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I n  order t o  obtain a qua l i t a t ive  check on t h e  ion  bombardment 
cleaning, w e  ran  t h e  experiment a t  about 250 microamperes (argon 
cur ren t )  and a t  600 v o l t s  f o r  about 15 minutes. The po lyc rys t a l l i ne  
copper specimen before treatment had a d u l l  r ed  co lo r .  
experiment i t  w a s  a b r igh t ,  lust rous red orange. A t h i n  t rans lucent  
red  f i l m  appeared on t h e  w a l l  of t h e  vacuum chamber a t  F of Fig.  1. 
The pos i t i on  of the  f i lm w i t h  respec t  t o  t h e  specimen indica ted  t h a t  
i t  w a s  composed of sput te red  atoms which came pr imar i ly  from t h e  
f r o n t  sur face  of t he  specimen. 
ca l cu la t ed  t h a t  the f l u x  of argon ions 
specimen was 1.56 x cm sec . 

After t h e  

Assuming s ing ly  charged species ,  w e  
( IA) a r r i v i n g  a t  t h e  

-2 -1 

During the  fif teen-minute i n t e r v a l ,  t h e  t o t a l  number of argon 
atoms a r r i v i n g  was therefore  about 1.4 x 1018. 
f o r  copper of 1 .6  w e  calculated t h a t  t h e  number of copper atoms 
emitted was 2.24 x 
w a s  about 110 cm2 and one monolayer would r equ i r e  about 5.50 x 1016 
Cu atoms. 
equivalent  t o  about 1 .4  x cm f i lm  thickness.  

Assuming a y i e l d  

The geometrical  sur face  area of t h e  f i lm  

Therefore about 41 monolayers were deposited,  which i s  

The next s t ep  was t o  attempt t o  hea t  t he  specimen t o  r e l a t i v e l y  
high temperatures by employing t h e  f i lament a l ready  present  i n  t h e  
apparatus.  I n  p r i n c i p l e  t h i s  appears t o  be a reasonable appraoch 
t o  loca l i zed  heat ing of f a i r l y  l a r g e  me ta l l i c  specimens. However, 
t h e  r ad ian t  heat ing by t h e  h o t  f i lament of o the r  nearby i n t e r n a l  
p a r t s  of the  apparatus and contamination of t h e  specimen sur face  
by tungsten boi l ing  off  t h e  fi lament tended t o  create d i f f i c u l t i e s .  
For a fi lament a t  a temperature of 2300°K and having a sur face  area 
of 1.65 cm2 the  monolayer formation t i m e  T i s  given by 

where N i s  t h e  number of atoms i n  a monolayer, N 
of tungsten atoms emitted f rom each square cent imeter  
ment p e r  second, E t he  s t icking c o e f f i c i e n t  and f3 

W 

4 

t h e  number 
of t h e  f i l a -  
a geometrical  
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then 

T = 6.9 B sec. 

This estimate represents  c lose t o  t h e  upper l i m i t  of tungsten 
contamination. The parameter B may be minimized by placing t h e  
f i lament  off-axis  o r  by mechanically sh ie ld ing  it from t h e  speci-  
men. W e  chose t h e  la t ter .  

I f  a metal f o i l  i s  placed i n  f r o n t  of t h e  fi lament,  t h e  
specimen should see none of t h e  tungsten atoms; however, t h e  
e f f i c i e n c y  of t h e  fi lament defined as t o t a l  e l ec t ron  emission 
from t h e  fi lament (I ) per e lec t ron  received a t  the  anode (Is) 

d e f l e c t o r  e lec t rodes  symmetrically placed about t h e  f i lament  so 
as t o  draw t h e  e lec t rons  around the  f o i l .  The c o l l e c t o r  i s  made 
of 0.005" tantalum f o i l  which has  good mechanical p rope r t i e s  and 
a r e l a t i v e l y  low vapor pressure a t  high temperatures.  The f o i l  i s  
a n  e f f e c t i v e  h e a t  s ink,  minimizing hea t ing  of i r i t e rna l  p a r t s  of 
t h e  system, and it a l s o  ac ts  a s  an e l ec t ron  c o l l e c t o r  during t h e  
ion  bombardment procedure. 
0.030" molybdenum rod. 
welded. The various dimensions and operating vol tages  have been 
optimized i n  a semi-empiricalmanner so  as t o  maximize t h e  e f f i -  
c iency of t he  gun. 

would be  d r a s t i c a l l y  , 8  ecreased. To minimize t h i s  w e  use two 

The d e f l e c t o r s  and a l l  connectors are 
All i n t e r n a l  connections have been spot  

High Temperature Heating and Annealinq 

A s  p a r t  of t h e  cleaning procedure i t  may be necessary t o  h e a t  
t h e  specimen so as t o  a t t e m p t  t o  anneal out any de fec t s  introduced 
i n t o  t h e  sur face  due t o  t h e  ion bombardment procedure. 
high temperature hea t ing  of  t h e  specimen should d r ive  occluded 
argon atoms from the  sur face ,  

I n  addi t ion ,  

The cont ro l led  hea t ing  of t h e  specimen w a s  accomplished by 
employing the  e l ec t ron  gun. This was done by moving t h e  sample s o  
t h a t  i t  was i n  f r o n t  of t h e  fi lament.  The specimen was maintained 
a t  about +1 .5  k i l o v o l t s  w i t h  respec t  t o  t h e  fi lament,  which was a t  
ground p o t e n t i a l .  The fi lament temperature was r a i s e d  u n t i l  t h e  
c u r r e n t  t o  t h e  sample was about 15 m a .  This represented a power 
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input  t o  t h e  specimen of about 22.5 watts. 
outgassing was too much f o r  the s m a l l  pumps i n  our temporary 
system t o  handle. The increase i n  background pressure  gave r i s e  
t o  a l a r g e  hea t  l o s s  from t h e  sample due t o  conduction, and con- 
t r i b u t e d  t o  preventing the  s a m p l e  temperature from r i s i n g  above 
several hundred degrees cent igrade,  I n  our f i n a l  setup t h e  p r i -  
mary h e a t  loss should be radiat ion.  This l o s s  w i l l  be about 8% 
w a t t s / c m 2  f o r  u n i t  emiss iv i ty  a t  1 1 O O O K .  The sur face  area of t h e  
sample i s  about 11 c m  and t h e  emissivi ty  of an oxidized polycrys- 
t a l l i n e  n i cke l  surface i s  about 0.5, so t h e  t o t a l  r a d i a n t  power 
w i l l  be about 50 watts. This i nd ica t e s  t h a t  a l a r g e r  power input  
i s  necessary t o  reach t h e  desired temperature. An i d e n t i c a l  
second gun s t r u c t u r e  w a s  fabr ica ted  and placed d i ame t r i ca l ly  
opposi te  t h e  f i r s t .  During the ion bombardment procedure, one cun 
s t r u c t u r e  i s  operating while t h e  c o l l e c t o r  of t h e  o the r  a c t s  as 
t h e  anode f o r  t h e  f i r s t  gun. Element @ i n  Fig.  1 was removed 
without ma te r i a l ly  a f f e c t i n g  t h e  system performance. 
improved pumping system and the simultaneous operat ion of both 
guns, t h e  sample w a s  e a s i l y  and r ap id ly  heated t o  about 1100'K. 

The r e s u l t i n g  v i o l e n t  

With an  

Ph o t oelec t r i c  Mea sur  ement s 

The purpose of t h i s  experiment w a s  t o  measure t h e  s p e c t r a l  
d i s t r i b u t i o n  of t h e  photoe lec t r ic  y i e l d  and t h e  work funct ion.  
The technique involved d i r ec t ing  a beam of monochromatic r a d i a t i o n  
onto t h e  specimen sur face  and measuring t h e  cu r ren t  generated 
(Fig.  2 ) .  

The photoe lec t r ic  measurements were performed on an unt rea ted  
c y l i n d r i c a l  po lyc rys t a l l i ne  nickel  specimen mounted wi th in  a sys- 
t e m  ir, vhich t h e  pressure w a s  usua l ly  held i n  t h e  
region. The l i g h t  source w a s  a high power compact arc lamp which 
w a s  mounted i n  a temporary housing. The l i g h t  i n t e n s i t y  a t  5780A 
was found t o  vary parabol ica l ly  with power input  between 150 and 
300 w a t t s .  
thermopile whose s e n s i t i v i t y  was v i r t u a l l y  independent of wave- 
length.  
of e i t h e r  of two quar tz  prism monochromators, one of which w a s  a 
s i n g l e  and t h e  o ther  a double p r i s m  instrument.  A t  s m a l l  s l i t  
widths (below 0.5 mm) t h e  s ing le  prism monochromator alignment was 
very c r i t i ca l .  
of wavelength were made between 2400A and 6000A. I n  general  t hese  

m n  Xg 

A l l  l i g h t  i n t e n s i t y  measurements were made with a 

The output of t h e  bulb could be focused on the  s l i t  system 

Measurements of t he  b ight  i n t e g s i t y  as a funct ion 
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were i n  regsonable accord w i t h  a v a i l a b l e  da ta ;  however, above 
about 4500A i t  was d i f f i c u l t  t o  make comparisons due t o  the  poor 
performance of t h e  quar tz  prism. 
could be detected and resolved with t h i s  setup wgs a t  2968A, an$ 
t h i s  w a s  with a band pass of about 45A. A t  2400A gnd with a 20A 
band pass t h e  i n t e n s i t y  was one t h i r d  t h a t  a t  2968A and w a s  a t  t he  
lower l i m i t  of t h e  de tec t ing  device used. There w e r e  no s p e c i a l  
problems with the  monochromator except t h a t  t o  obta in  a s m a l l  band 
pass  t h e  l i g h t  i n t e n s i t i e s  became immeasurably small. 

The lowest wavelength l ige which 

Upon completion of t h e  spec t r a l  d i s t r i b u t i o n  measurements, 
t h e  s i n g l e  prism monochromator output w a s  focused onto t h e  sur face  
of t h e  sample through a quartz window which had been cemented t o  
t h e  vacuum system. 
m e t a l  sur face  gave r ise  t o  currents  of t h e  order  of 10-15 amp; and 
changes i n  cu r ren t  of t h e  order of 10-16 amps were measured. This 
w a s  accomplished by a v ibra t ing  reed electrometer  by allowing t h e  
charge on t h e  condensor t o  leak through a 10 l2  ohm r e s i s t o r  and 
measuring t h e  vol tage  drop across t h e  r e s i s t o r .  The t i m e  cons tan t  
of t h e  c i r c u i t  w a s  about 2 sec. I n  order  t o  make the  necessary 
measurements t h e  instrument had t o  be very c a r e f u l l y  shielded,  
grounded, and i s o l a t e d  from extraneous electrical  s igna l s .  Af te r  
taking these  precautions,  we found t h a t  varying s t r a y  capaci tance 
e f f e c t s  were s t i l l  present .  Movement i n  the  v i c i n i t y  of t h e  
experiment caused not iceable  dis turbances.  
of t h e  pho toe lec t r i c  y i e l d  as a func t ion  of wavelength t h e  e l e c t r o -  
meter w a s  f a i r l y  s t a b l e  and thg measurements ind ica ted  a long wave- 
length threshold of about 2570A, corresponding t o  a work func t ion  
of 4.81 EV. This i s  cons is ten t  with o ther  measurements on unt rea ted  
n i c k e l  specimens. It should be noted t h a t  t h e  cu tof f  i s  not  a very 
sharp f e a t u r e  of t h e  photoe lec t r ic  y i e l d  curve, t h e  cur ren t  seeming 
t o  t a i l  off  and merge i n t o  t h e  background. This problem has  been 
t r e a t e d  t h e o r e t i c a l l y  i n  a r e l a t i v e l y  sirr?ple seEiclassica1 fashion 
i n  1932 by Fowler (Ref. 7 ) .  Recently i t  has  been subjected t o  some 
cr i t ic ism (Ref. 8) and i s  cur ren t ly  being thoroughly r e inves t iga t ed .  

The l i g h t  absorbed by t h e  e l ec t rons  a t  t h e  

During the  measurement 

The same experiments were repeated with a double prism 
monochromator. Due t o  t h e  greater d i spe r s ion  of t h i s  instrument 
alignment problem2 were considerably reduced. A p l o t  of l i g h t  
i n t e n s i t y  a t  36608 versus s l i t  width w a s  l i n e a r  down t o  a s l i t  
width of 0.15 mm which i s  as  low as measurements could be mgde. 
The instrument was chear ly  able t o  reso lve  t h e  l i n e  a t  2895A while 
l ines as low as 2483A could b e  observed even though they were a t  
t h e  lower l i m i t  of t h e  detect ing system. The pho toe lec t r i c  t h re s -  
hold measurements showed a sharper cu tof f  i nd ica t ing  less s t r a y  
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light present in the monochromator output. 
threshold was at about 2550A corresponding to a work function of 
4.84 EV. The results obtained with the two monochromators 
indicated that for our purposes it would be preferable to employ 
the doubly dispersing instrument. 
not as severe, resolution is increased by a factor of two and 
scattered light is reduced to a reasonable level. 
advantages the single prism instrument offered were that it was 
not necessary to employ a water filter between the light source 
and the entrance slit, and a somewhat lower cost. 

The long wavelength 

The alignment requirements are 

The only 
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DESIGN OF THE SURFACE PREPARATION APPARATUS 

The sur face  prepara t ion  apparatus c o n s i s t s  of t h r e e  major 
s ec t ions  : 

Primary vacuum producing and measuring components 

Gas handling system 

T e s t  chamber. 

P r imary  Vacuum Producing and Measuring Components 

The primary vacuum producing and measuring components are 
i l l u s t r a t e d  i n  Fig.  3 .  The three-stage s e l f - f r a c t i o n a t i n g  o i l  
d i f f u s i o n  pump i s  i s o l a t e d  from t h e  mechanical pump by a l i q u i d  
n i t rogen  cold t r a p .  
bu ty l  t h y l a t e  o i l  ( t r ade  name Convalex-10) possessing good crack- 
ing  c h a r a c t e r i s t i c s .  The expansion chamber p e r m i t s  one t o  tu rn  
o f f  t h e  mechanical pump when t h e  system i s  a t  u l t r ah igh  vacuum 
without undue backpressure buildup on t h e  low vacuum s i d e  of t h e  
d i f f u s i o n  pump. 
ing  of o i l  vapors i n t o  t h e  t e s t  chamber and gas handling system. 
The magnetically operated g lass  b a l l  valve I and the  l - inch a l l  
m e t a l  bakeable valve J i s o l a t e  t h e  primary pumping system from 
t h e  t e s t  chamber and gas handling system. This pumping system i s  
expected t o  evacuate t h e  system t o  a t  least  t h e  loo8 mm Hg range. 
The pressure  may be monitored by e i t h e r  a g l a s s  thermocouple 
gauge D o r  a Nottingham modified Bayard-Alpert gauge K. 

The working f l u i d  i s  a low vapor pressure  

Dual copper f o i l  cold t r a p s  minimize backstream- 

Gas Handling System 

To minimize pumping t i m e s  t h e  gas handling system i s  constructed 
p r imar i ly  of l - inch tubing. It can be i s o l a t e d  from t h e  t e s t  chamber 
by a bakeable va r i ab le  conductance m e t a l  leak.  
gas  handling system i s  t o  introduce known amounts of h ighly  p u r i f i e d  
gases  i n t o  t h e  t es t  chamber. The gas i s  contained i n  a sea led  
b o t t l e  which may be broken by an ex te rna l ly  operated metal  hammer. 
The gas can then be fed i n t o  t h e  gas handling network i n  a con t ro l l ed  
manner through a second bakeable a l l  metal leak. The spectroscopi- 
c a l l y  pure gas may be f u r t h e r  p u r i f i e d  by a z e o l i t e  t r a p  and an  

The func t ion  of t h e  
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a c t i v e  g e t t e r  f i lm.  The g e t t e r  f i lm  i s  formed (under high vacuum 
condi t ions)  by f l a sh ing  a heavy tungsten s p i r a l  on which i s  wound 
a t i tanium f i lament .  A one l i t e r  pyrex f l a s k  0 i n  t h e  gas 
handling system acts as a reservoi r  f o r  t h e  gas being bled i n t o  
the  t e s t  chamber. 
again measured by a modif ied Bayard-Alpert gauge. 
system can be baked by surrounding it  w i t h  an oven t o  temperatures 
as high as about 400°C i n  order t o  minimize pump-down t i m e .  

The pressure i n  t h e  gas handling system i s  
The gas handling 

Test  Chamber 

The tes t  chamber i s  demountable from t h e  rest of t h e  system 
by means of a l a r g e  6-inch s t a i n l e s s  s teel  f lange.  
ber  conta ins  1) an o p t i c a l l y  f l a t  quar tz  window which allows 
u l t r a v i o l e t  l i g h t  t o  be focused i n t o  the  chamber, 
sapphire  in su la t ed  vacuum feedthrough t o  which i s  connected a 
hollow c y l i n d r i c a l  n i c k e l  e lec t rode  capable of c o l l e c t i n g  c u r r e n t s  
as low as 1 x amperes, 3) two shielded s p i r a l  tungsten 
e l e c t r o n  emitters, 
impurity gases,  
maintain u l t r ah igh  vacuum environment i n  t h e  sea led  of f  t e s t  
chamber, and 
the  in t roduct ion  of t he  proper vol tages  and measurement of t h e  
temperature of t he  var ious elements contained wi th in  t h e  tes t  
chamber. 
modified Bayard-Alpert gauge. 

The t e s t  cham- 

2)  a bakeable 

4)  a cold f i n g e r  f o r  cryogenical ly  pumping 
5) a titanium g e t t e r  pump which can ob ta in  and 

6 )  two s e t s  of e l e c t r i c a l  feedthroughs t o  allow f o r  

The pressure  i n  the  test  chamber may be monitored by a 

The c y l i n d r i c a l  me ta l l i c  specimen t o  be s tudied  w i l l  be 
supported wi th in  t h e  test  chamber and have i t s  a x i s  c o l i n e a r  w i t h  
t h e  chamber ax i s .  The specimen may be t r a n s l a t e d  along t h e  chamber 
a x i s  by an e x t e r n a l l y  operated magnet. The sur face  c leaning  may 
be accmpl i shed  by an ex te rna l ly  supported ion  beam and/or by 
high temperature heat ing.  The cleaning process may be monitored 
by measurement of t he  photoe lec t r ic  y i e l d  as a func t ion  of wave- 
length and t h e  change i n  work funct ion.  
acts  

The hollow n i c k e l  s leeve  
as t h e  c o l l e c t o r  of pho toe lec t r i ca l ly  emitted e l ec t rons .  

The pho toe lec t r i c  e f f e c t  w i l l  be measured by employing a high 
power, compact, a r c  lamp a s  a source of u l t r a v i o l e t  l i g h t .  This 
w i l l  be focused onto the  s l i t  of a double pr i sm monochromator. 
The i s o l a t e d  s p e c t r a l  port ion may then be e i t h e r  focused onto t h e  
specimen sur face  o r  onto the  quartz  window of a vacuum thermopile 
f o r  measurement of r e l a t i v e  spec t r a l  i n t e n s i t y .  The monochromator, 
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l i g h t  source, and focusing arrangement are mounted on an o p t i c a l  
bench which i s  preal igned t o  the o p t i c a l  a x i s  of t h e  monochromator. 
The whole arrangement i s  mounted on a heavy metal s l a b  which al lows 
f o r  t h e  alignment of t he  e x i t  beam with t h e  a x i s  of t h e  specimen 
s o  t h a t  near normal incidence is  maintained. 
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CONCLUSIONS AND STATUS 

The experiments w h i c h  have been conducted t o  da t e  have 
proven the procedures and equipment proposed f o r  use i n  our 
sur face  prepara t ion  apparatus t o  be sa t i s f ac to ry .  
i n  the process of s e t t i n g  up t h i s  apparatus,  w h i c h  w i l l  be  used 
f o r  eva lua t ing  d i f f e r e n t  surface prepara t ion  techniques.  
hope t o  use the r e s u l t s  of t h e s e  experiments t o  des ign  p r a c t i c a l  
p repara t ion  and con t ro l  techniques f o r  use i n  our molecular beam 
apparatus  (Ref. 1). 

W e  are now 

We 
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